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Abstract 
A great amount of steel slag aggregate is used to prepare cement concrete and asphalt concrete in road construction. However, 
the steel slag aggregate processed by the traditional aggregate production line is not uniform, which is not conducive to the full-
size utilization of steel slag. Therefore, a new method of steel slag aggregate processing was proposed in this study in order to 
obtain the high quality steel slag aggregate with different specifications. Experimental results indicated that the specifications 
stability of the steel slag was improved significantly when the steel slag was crushed by the combination equipments of jaw 
crusher and cone crusher. The screening efficiency and stability of the aggregate can be improved as the multi-level screening 
equipments were used into the production line. The wet rolling screen was also developed to remove the dust on the surface of 
aggregates. The specifications stability and pavement performance indexes of the steel slag aggregate produced by the new 
production line have been improved significantly compared to the steel slag aggregate produced by the traditional production line. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of Tsinghua University/ Basel Convention Regional Centre for Asia and the Pacific.  
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1. Introduction 
A huge amounts of steel slag, the by-product of steel making1, is produced in China. The land lose and 
environmental problems caused by the accumulation of the steel slag have aroused a great attention of scientists and 
engineers2. Nowadays, in order to alleviate the shortage of natural stone resources, to reduce the environmental 
pollution, and to recover the abandoned land, large quantities of the steel slag are used as aggregate to prepare 
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cement concrete and asphalt concrete in road construction3. E. Anastasiou4 carried out an experiment to produce 
concrete with fly ash as binder and steel slag as coarse aggregate, which showed that steel slag aggregate can partly 
enhance strength and durability. Ahmedzade P5 proved that steel slag used as a coarse aggregate improved the 
mechanical properties and moisture resistance of asphalt mixture. Samir I.6 used electric arc furnace steel slag as 
coarse aggregate in concrete to show that the steel slag can beneficially affected the physical, mechanical and 
durability properties of the produced concrete. Ivanka Netinger’s research indicated that steel slag could improve 
fire resistance of concrete so that it can be used as fire resistant aggregates7. Zongwu Chen stated that the basic 
oxygen furnace slag not only has the potential to protect the asphalt binder from being stripped by boiling water but 
also has better bonding strength than the values of basalt and granite aggregates8. 
However, most of the studies are mainly focused on technical analysis of how to improve the process of paving 
with steel slag to enhance the pavement performance. There is a lack of studies about the technology of steel slag 
aggregate production. Processing technology has a direct impact on the size and performance of steel slag, so it is 
crucial to develop an integrated process of steel slag aggregate production to increase the properties of aggregate in 
order to ensure that they could meet the technical requirements much better and be more conducive to road 
construction. A new method of steel slag aggregate processing is proposed to obtain the high quality steel slag 
aggregate with different specifications. Besides, the performances of the obtained steel slag aggregate and traditional 
steel slag aggregate were also compared in this research.  
2. Experimental 
2.1. Materials 
Steel slag in this research was supplied by Wuhan Iron and Steel Group Corp. that was natural cooled basic 
oxygen furnace slag. The characteristics of the steel slag are following. Firstly, the size distribution and chemical 
composition of steel slag are not uniform, which contributed to the differences of toughness and the ability of 
resistance to impact damage in different parts. The crushing value of the slag in different parts of the same stock pile 
was shown in Figure 1. Secondly, the steel slag still contains a certain amount of iron after going through the single 
equipment for magnetic separation, which may lead to corrosion. Thirdly, the edges of steel slag aggregate are not 
obvious because of the fine powder covered on the surface of steel slag aggregate. The appearance of the steel slag 
was shown in Figure 2. 
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Fig. 1 The crushing value of the slag in different parts of the same stock pile 
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Fig. 2 Steel slag aggregate 
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2.2 Methods 
The traditional preparation for the mineral aggregate is shown in Figure 3. The material is primary crushing by 
jaw crusher, then goes through the counterattack crusher for the secondary crushing, finally the particles are 
separated by the circular vibration screen. However, the steel slag aggregate processed by the traditional aggregate 
production line is not uniform, which is not conducive to the full-size utilization of steel slag. Some aspects need to 
be improved. 
Stone tank Vibrating screen Jaw crusher
Counterattack crusherCircular vibrating screenStone aggregate
 
Fig. 3 A typical production process of mineral aggregate 
2.2.1.A combination of crushing process 
Jaw crusher has a significant advantage in the first break of steel slag because most of brittle and weak areas can 
be broken into fine particles as for the large size steel slag blocks. Counterattack crusher wears quickly in broken 
hard particles, so it is not suitable to be the first equipment. The cone crusher can further squeeze the brittle parts 
into fine particles so as to further separate from the hardness parts. In this research, 5 batches of the steel slag were 
randomly selected to be tested in order to analyze the consistency of the steel slag that was broken by different 
crusher. The results were listed in Figure 4, 5 and 6 respectively. It can be seen that the size distribution consistency 
of the steel slag broken by the single crusher was poor, in particular, the jaw crusher and counterattack crusher. 
Taking into account the characteristics and the consistency of the steel slag, the combination of jaw crusher and 
cone crusher was adopted. The specifications of steel slag that was crushed by the traditional and new process were 
compared. The results were shown in Figure 7 and 8 respectively, which indicated that the specification stability of 
the steel slag aggregate was significantly improved when the combination of jaw crusher and cone crusher was 
applied.  
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Fig. 4 Sieving of steel slag based on jaw crusher 
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Fig. 5 Sieving of steel slag based on counterattack crusher 
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Fig. 6 Sieving of steel slag based on cone crusher 
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Fig. 7 Sieving of steel slag based on traditional process (jaw crusher and counterattack crusher) 
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Fig. 8 Sieving of steel slag based on new process (jaw crusher and cone crusher) 
2.2.2. Multistage screening process 
The steel slag in this research contains much fine particles that the particles which sizes are less than 10 mm of 
steel slag accounted for 40-50%. The form of a combination of crushing equipment and screening equipment was 
used in this study, shown in Figure 9. First, the steel slag went through the vibration sieve to remove fine particles 
which sizes were less than 10mm, and then the slag was primary broken by jaw crusher and fine broken by cone 
crusher. After fine broken, the fine particles that sizes were less than 10mm were removed again by the vibration 
sieve and the dust was removed by the wet rolling screen at the same time. Finally, the steel slag aggregate was 
classified into different specifications by sieving. 
Steel slag Vibrating screen Jaw crusher Cone crusher
Vibrating screenWet rolling screenGrade classification by sieving
 
Fig. 9 Screening system setup 
2.2.3. Slag washing technology 
There are many fine particles which sizes were less than 10mm in the steel slag after the crushing process. As a 
result, the quality of the aggregate will be affected. The slag was analyzed by X-ray diffraction (XRD) (shown in 
Figure 10). From the XRD result, it can be seen that the main mineral compositions in steel slag are C3S and C2S 
which can hydrate in the humid environment. Because the minerals can generate cementitious material like Ca(OH)2 
and C-S-H gel due to hydration, resulting in the fine particles cemented in steel slag aggregate surface which was 
not helpful to the formation of the embedded structure. The fine powder covered on the surface of the steel slag 
should be removed timely to ensure the steel slag has fine edged shape. Wet rolling screen was added into the slag 
aggregate production system to clean the steel slag. The sewage containing fine powder and mud flew into the tank 
and the filtered water can be recycled as well. In addition, the effect of steel slag on the performance of asphalt 
mixture was also studied.  
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Fig. 10 XRD result of steel slag 
3. Results and discussion 
Combined with the previous analysis and taking into account the iron-removal, the improvement production 
technology of steel slag was shown in Figure 11.  
Feeder of steel slag
Blet Magnetic Separator
screen ˄10mm˅
Jaw crusher
Permanent Magnetic Separator 
Cone crusher
Permanent Magnetic Separator 
screen ˄10mm˅
Wet rolling screen
screen ˄ 10mm and 25mm˅
˚25mm 25-16mm 16-10mm
Fe
Fe
Fe
 
Fig. 11 The process of steel slag aggregate production 
Compared with the original production line, some improvements have been made. The combination of jaw 
crusher and cone crusher has replaced traditional crushing equipments. From Figure 8, it can be seen that the 
combination of jaw and cone crushers can effectively improve the stability of steel slag aggregate. Multi-stage 
magnetic separation equipments have been set so as to recycle the iron in steel slag as far as possible, improve the 
quality of steel slag aggregate and increase economic efficiency. Multi-level screening equipments were applied to 
improve the screening efficiency and stability of the aggregate. The timely separation of fine particles and coarse 
aggregate not only can improve the crushing efficiency and reduce the workload of the stage of dust removal, but 
also can be effectively separated the slag in different specifications to improve the stability of steel slag aggregate.In 
order to remove the fine powder and mud covered on the surface of steel slag timely, a wet rolling screen was 
introduced to the preparation process, which can ensure its good edge. From the reseach, it has been found that the 
water sensitivity of asphalt mixture composed of an unclean aggregate is greater than the asphalt mixture composed 
of a clean aggregate. In the case of the same moisture susceptibility index, the dust content was reduced by 1%~2%, 
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about 0.2% of asphalt can be saved. Besides, both the multi-stage magnetic separation and the wet rolling screen had 
a great influence on the iron content, the density and the dust content of the steel slag aggregate. The experments 
results (shown in Table 1) indicated that the content of iron in steel slag and the apparent relative density were 
reduced to a certain extent. In particularly, the dust content decreased by 200%-400% compared to the old line 
because of washing process. 
Table 1 The properties comparation of the steel slag produced by the traditional and the new process 
Index Iron content/% Apparent relative density  Dust content/% 
Traditional process 14.2-22.6 3.386-3.505 2.5-4.6 
New process 9.6-15.5 3.261-3.396 0.8-0.9 
Variation of gradation and pavement performance of the steel slag aggregate had been tested. As for the variation 
of gradation, the screening results of each file of aggregate were in good consistency, which showed that the size of 
steel slag can be controlled by the improved process. The pavement property of the aggregate tests were carried out 
in reference to Chinese norms9,10.The road performances of the converter slag asphalt cement agree with the test 
specification11.The performance test results were shown in Table 2. From the results, it can be seen that all indexes 
of the steel slag aggregate met the requirements very well. In particular, the crushing value was 13.6% and Los 
Angeles abrasion value was 13.2% that were much smaller than the specification, which showed that the wear 
resistance and mechanical properties of steel slag aggregate were good. 
Table 2. Pavement property test of the steel slag based new line  
Property Relative 
density 
Water 
absorption 
rate/% 
Dust 
content 
/% 
crushing 
value 
Los Angeles 
abrasion 
value/% 
percentage of  
flat-elongated particles Adhesion 
level 
Fastening 
/% 
4.75-9.5mm > 9.5mm 
New line 3.3 1.3 0.8 13.6 13.2 5.1 4.3 5.0 2.6 
Traditional line 3.5 1.5 2.5 20.6 21.3 5.2 4.7 5.0 3.2 
Technical 
requirement 
≥2.6 ≤3.0 ≤1.0 ≤26 ≤28 ≤18 ≤12 ≥4.0 ≤12.0 
4. Conclusions 
(1) The specifications stability of steel slag coarse aggregate particles has been improved significantly with the 
combination crushers of the jaw crusher and cone crusher. 
(2) Multi-level screening equipments including a wet rolling screen can improve the stability of steel slag 
aggregate, ensure its good edge and decrease the dust content remarkbalely, especially the dust content decreased by 
200%-400% compared to the old line which can enhance the water sensitivity of asphalt mixture. 
(3) The crushing value and Los Angeles abrasion value have been reduced to 13.6% and 13.2% respectively 
which were much smaller than the specification. Other pavement properties of the aggregate produced by the new 
production technology have been improved a lot.  
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